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ABSTRACT: The study aimed to explore how climate change generally influences agriculture and in 
particular maize production in Kenya. After establishing the level of change in the climatological elements 
(rainfall and temperature) expected in Kenya from published literature material, an attempt was made to 
discuss the impacts of this change on the productivity of maize. In the analysis, the study employed empirical 
data and review of relevant literature material. The secondary data of national annual average maize yield 
and meteorological data (growing season average rainfall (raings) and annual average temperature 
(tempav)), obtained from FAOSTAT and Kenya Meteorological Department respectively, were subjected to 
multiple regression to generate a model for yield projection. Further, three bands (33th Percentiles) of 
tempav were plotted against raings and yield to find any relationship in the different temperature ranges.  
The findings indicate that currently, the main driver of maize production is rainfall (influencing up to 30% of 
maize yield) as correlation between maize yield and annual average temperature was insignificant. 
However, the model showed that even the slightest temperature increase will have major impacts on maize 
yield. Deductions from the model indicate that, with all factors constant, a temperature increment of 1.5 °C 
would result to 18% decrease in maize yield. The study further shows that a 1°C increase in temperature will 
negatively affect maize yield three times more than 100 mm rainfall increase.  Lastly, the study recommends 
that although Kenya has set up the necessary legislation and policy framework to combat climate change, 
the effective and timely implementation of the same is imperative.  
 
KEYWORDS: Climate change, Agriculture, Maize production, Food security, Temperature projection, Rainfall 
projection, Global warming, Livelihoods in Kenya. 
 
1. INTRODUCTION  
1.1 Climate change 
Over the 20
th
 Century the Earth’s surface 
temperature has increased by an average of 0.8 °C 
(IPCC, 2013). The last 50 years, in particular, have 
seen a more rapid and steady increase. The IPCC 
(2013) report that the warming trend is likely to 
continue as long as emission of greenhouse gases 
(GHGs) continues unchanged. The IPCC (2013) 
has further noted that anthropogenic activities have, 
over time, altered both the Earth’s surface and the 
composition of its atmosphere. Not only are these 
activities driving climate change, but also resulting 
to unprecedented ecological damage that is 
indirectly exacerbating climate change. It has been 
stated that according to temperature records in the 
last 150 years, the last three decades (1980-2010) 
have been warmer than the previous ones, with the 
2000s being the warmest (IPCC, 2013). In its 
recent report, the IPCC (2013) projected that by the 
end of the 21
st
 Century the Earth will warm up by 
between approximately 0.3°C and 1.7°C and 2.6°C 
to 4.8°C for the more conservative and more 
aggressive scenarios respectively. The projections, 
which are based on 1986-2005 temperature levels 
may produce both direct and indirect adverse 
impacts on the Earth’s surface. For instance, the 
increase in temperature is likely to interfere with 
rainfall patterns, thus affecting major food crops 
(IPCC, 2014). Increased warming may also drive 
changes in rainfall patterns and temperature 
regimes in different regions leading to extreme 
natural occurrences such as droughts and floods 
(IPCC, 2013). 
Climate change in Africa, as argued by Hulme et 
al. (2001), is driven by both human and natural 
factors. Land cover changes together with the El 
Niño Southern Oscillation (ENSO) have been 
mentioned to be the major drivers of natural 
climate variability in Africa. The effects of climate 
change will be greatly experienced in the African 
continent due to the fact that the continent lacks 
sufficient technical and financial capacity to adapt 
to climate change (IPCC, 2007). For instance, the 
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agricultural sector in the continent has been 
recognised as one of the sectors that will suffer 
most from the detrimental effects of climate change 
due to lack of adequate irrigation technology 
(Oseni and Masarirambi, 2011; Cairns et al., 2012; 
Cairns et al., 2013).  
Consistent with various climate change models, the 
Kenyan climate will experience several changes 
both in precipitation and temperature. A study 
carried out by the Famines Early Warning Systems 
Network (FEWS NET) in 2010 with the aim of 
establishing the trend of climate change in Kenya, 
observed that a large part of the country will 
experience more than 100 mm decline in 
precipitation by 2025. However, findings from 
other computer models are conflicting, showing 
certain areas will get wetter (Anyah et al., 2006; 
DFID, 2009; Washington et al., 2012). It was also 
observed that there will be a significant increase in 
average air temperature of up to 1°C during the 
same period (FEWS NET, 2010). With spatial and 
temporal shift in rainfall patterns observed and 
predicted, coupled with a general reduction in 
recorded precipitation and increase in temperatures, 
agricultural production (especially maize) is likely 
to be affected in the country since it is mainly 
dependent on favourable climatic conditions for 
yield maximisation.  
1.2 Agriculture and food security 
The importance of agriculture in sub-Saharan 
Africa cannot be overstated. Agriculture not only 
provides cheap food for the majority of rural 
dwellers in the continent, but also contributes up to 
31% of the GDP and 65% of the employment 
opportunities (AGRA, 2013). Agriculture in Africa, 
however, is largely dependent on rainfall, thus 
leaving the continent exposed to cycles of boom 
and bust of agricultural yields which generally 
affect the livelihoods of the people (Oseni and 
Masarirambi, 2011). This situation is likely to be 
exacerbated by climate change phenomena as 
experts have noted that the continent’s agricultural 
sector is highly vulnerable with highly uncertain 
implications (Oseni and Masarirambi, 2011). 
Historically, agriculture has been central to 
Kenya’s economy and food security. Compared to 
80% in the 1980s, 75% of the working population 
in Kenya was still depended on farming for 
livelihood support in 2006 (Library of Congress, 
2007). This is a fairly minor difference, but it 
implies that the country is still notably dependent 
on agriculture. The agricultural sector remains the 
population’s main employer and the country’s 
major income earner (GoK, 2010a). For instance, 
despite the fact that only 12% of Kenya’s total land 
area can support agriculture, the sector still 
contributes 33% of the GDP and employs more 
than 75% of the population (GoK, 2010a). Farming 
in Kenya is typically practised by small-scale 
farmers whose access to advanced irrigation 
technology is highly limited, thus making them 
vulnerable to effects of climate change (especially 
rainfall variation) (Nyoro, 2002). Furthermore, the 
country’s broad dependence on rain-fed agriculture 
leaves it vulnerable to successions of fluctuating 
maize production which will impact on over all 
food security. 
1.3 Maize production  
Currently, maize is the most dominant food crop in 
sub-Saharan Africa (SSA), accounting for up to 
50% of household expenditures in the eastern and 
southern regions of the continent (IITA, 2009). Of 
the total global maize production, Africa accounts 
for only 6.5%, while importing up to 28% for food 
(IITA, 2009). This is clear evidence that the 
continent is operating way below its capacity. This 
could be caused by factors such as technical 
insufficiency and diseases among others 
(CIMMYT, 2012). Compared to other continents, 
where maize is used as a livestock feed, for 
example the USA, Africa uses 95% of maize 
produced as human food (IITA, 2009). 
Compared to other crops, maize requires a large 
amount of water to achieve optimal growth. For 
instance, according to the Department of 
Agriculture in South Africa (DASA)  (2003),  to 
achieve a yield of 3152 kg/ha,  maize would 
require a range of 350-450 mm of rainfall per 
annum and at maturity, each  maize plant would 
have used 250 l of water in the absence of water 
stress during growth. The sensitivity to moisture 
stress makes maize crop production vulnerable to 
heat stress (Cairns et al., 2012). Additionally, the 
lack of large scale irrigation technology coupled 
with major variations of rainfall patterns 
experienced in SSA affects the overall maize 
productivity in the continent (Oseni and 
Masarirambi, 2011).  
According to the Kenya Maize Development 
Programme (KMDP) (2009), the average Kenyan 
consumes 98 kg of maize per year, with the 
national consumption being 37 million bags 
annually. A large proportion (75%) of the maize 
consumed in Kenya is produced by small scale 
farmers who make up 3.5 million of the population 
(GoK, 2010a). On the other hand, large scale 
farmers account for 25% of the maize produced in 
the country (Nyoro, 2002). In terms of land usage, 
maize accounts for about 56% of cultivated land in 
Kenya (Kirimi, 2012). This implies that maize is 
the most extensively cultivated crop in Kenya and 
consequently the most crucial food crop. Therefore, 
any fluctuations in its production would have far 
reaching effects on food security in the country.  
1.4 Scope and objectives of study 
Currently, the scientific dogma is that the global 
climate is changing. There have been reports of the 
increased frequency of extreme weather events 
ranging from floods and droughts (IPCC, 2014). 
This has been so even as CO2 levels in the 
atmosphere reached 400 ppm (NOAA, 2013). 
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Recently, the IPPC (2014) has confirmed that 
climate change phenomena pose a number of risks 
to both human and natural systems. The report also 
mentions that these risks will vary across regions 
and populations both spatially and temporally 
depending on a number of factors such as capacity 
to adapt and mitigate against the detrimental effects 
of climate change. As mentioned earlier, Africa 
experiences extreme levels of poverty. With the 
IPCC (2014) categorising this as a high confidence, 
the situation, also observed in Kenya, will act as a 
multiplier to the threats of climate change. This 
will have adverse impacts in the livelihoods of the 
Kenyan population. Moreover, poor people are 
likely to be the most affected both directly 
(reduction in crop yields) and indirectly (increased 
food prices leading to food insecurity) (IPCC, 
2014).  
Most climate change models have projected an 
increase in global average surface temperatures 
under different SRES scenarios. The increase in 
global mean surface temperatures will have far 
reaching implications on different Earth systems 
including agriculture (IPCC, 2014). Kenya, as one 
of the countries whose economy mainly relies on 
agriculture, may see major shifts in its GDP. The 
country’s broad dependence on rain-fed agriculture 
leaves it exposed to the complex effects of climate 
change which will negatively affect the general 
food security status. Furthermore, since a 
significant section of the Kenyan population 
depends on maize for their caloric intake (Nyoro, 
2002), any fluctuations in its production would 
adversely impact food security in the country.  
The overall objective of this study is to identify and 
describe both the short term and long term 
implications of climate change on maize 
production. This will be done with the aim of 
advancing research and informing policy so as to 
enable the prevention and mitigation of undesirable 
effects of climate change while appraising potential 
adaptation strategies. Specifically, the study will 
aim to show and explain the various impacts of 
climate change on the Kenyan agricultural sector 
(particularly maize production). The study will 
achieve the above mentioned objectives by looking 
to answer the following research questions: how 
will climate change affect agriculture and in 
particular maize production in Kenya? 
2. METHODOLOGY 
2.1 Data Collection and analysis 
The study employed both a review of relevant 
literature materials and analysis of secondary agro-
meteorological data. National Maize agronomic 
data for Kenya were acquired from FAOSTAT 
(FAO, 2012); annual yields in hectogram/hectare 
(1hectogram=0.1kilogram). The meteorological 
data set acquired from the Kenya Meteorological 
Department (KMD) include average monthly 
rainfall and temperature data. These data covered 
three regions in Kenya (Central, Western and the 
Rift Valley) where intensive maize production is 
carried out (Table 1). Only data for three stations 
per region were accessed for the period 1980 to 
2010 for rainfall and temperature.  
The study areas used for this study (former Rift 
valley, Central and Western provinces, before the 
new constitution (2010) that brought about the 
creation of counties) together contribute up to 72% 
of the maize produced in the country (Table 1) 
(USAID, 2010). This is a significant proportion 
that can be used to make inferences on maize yield 
trends in Kenya.   
 
Table 1. Proportion of maize production in Kenya 
(2006) by province (adapted from USAID, 2010).  
Administrative 
level 
Production 
(Kg/ha) 
Proportion 
Rift Valley 1682261 51.5% 
Western 537248 16.5% 
Central 134030 4% 
Coast 57803 1.7% 
Eastern 357644 11% 
Nyanza 476159 14.6% 
North Eastern N/A N/A 
 
The growing season rainfall data were plotted 
against annual maize yield to observe any cyclical 
relationship. The R statistics package was used to 
produce a multiple regression analysis on yield (y), 
growing season rainfall (raings) and annual 
temperature values (tempav). The equation was 
based on the multiple regression equation as shown 
below: 
                
The parameters in the equation are represented as; 
(γ)-yield, (β◦)-constant coefficient, (β1)-raings 
coefficient and (β2)-tempav coefficient. X1 and X2 
represent the growing season average rainfall and 
annual average temperature variables respectively. 
Further, the annual average temperature was ranked 
in a descending order then divided into three bands 
of 33th percentile; the low (C1), middle (C2) and 
high (C3) temperature percentile. This was then 
plotted against yield and growing season rainfall to 
find any relationships in the different temperature 
ranges. 
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3. RESULTS AND DISCUSSION 
 
Figure 1. Cyclic variation in maize yield variability and growing season rainfall (1970-2010). 
Plotting maize yield against growing season rainfall (1970-2010) showed a somewhat regular cyclic relationship 
in both factors with minor exceptions (e.g. the period 1970-1980 is slightly out of phase) (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Yield against growing season rainfall for three temperature bands showing relationship much 
weaker in higher temperatures. 
While C3 showed a somewhat skewed relationship, C1 and C2 showed a clear relationship between maize yield 
and growing season rainfall. Additionally, C1 and C2 depict a strong positive correlation between yield and 
rainfall. C3, on the other hand shows a weaker correlation between the two factors (Figure 2). Multiple 
regression analysis was carried out to determine the level of significance of input (X) variables in driving output 
character(Y); as illustrated in the equation below:  
   (           ) 
The output characteristic Y is the maize yields while the X variables include the raings and tempav (the specific 
relationship is shown in the equation below). The regression analysis was therefore to show how the X variables 
affected yields either by driving it up, driving it down or having no influence at all.  
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The output equation and statistics produced from the R software were as follows: 
The model:  Yield = 36733 + 48.71(raings) – 1419.60(tempav) 
Table 2. Multiple regression coefficients for annual yield, annual average temperature and growing season average rainfall. 
 Estimate Standard Error t-value 
Intercept 37732.50 17468.01 2.103 
Growing season rain 47.71 16.06 3.03 
Annual average temp -1419.59 940.23 -1.510 
Table 1. Multiple regression statistics for annual yield, annual average temperature and growing season average rainfall. 
An R
2 
value of 0.3026 showed that the equation explains 30% of the variation in the yield (Table 3). An overall 
P value of 0.0064 (<0.01), expressed 99% confidence that the relationship is significant. Moreover absolute t-
values of 3.03 and -1.510 for raings and tempav respectively being more than one means that the variables are 
significant for the model. 
3.1 Climate projections for Kenya 
Climate modelling for Kenya, carried out by North Carolina State University, employing the SRES A2 scenario, 
offers more resolution for the varied agro-climatic zones that typify Kenya (Anyah et al., 2006). This model 
projects that Kenya will experience a rise in temperature of 1°C by the year 2020 and an average of 4°C by the 
end of the 21
st
 Century (Table 4). Regarding precipitation levels, the model shows a likelihood of Kenya getting 
wetter especially for the short rains season (October to December). However, compared to other regional models 
that suggest only an increase in rainfall in the northern part of the country, this model suggests more rainfall in 
the western side of the country (Anyah et al., 2006). Although rainfall intensity will increase during the short 
seasons, the model shows that rainfall seasonality for the country is unlikely to change (Anyah et al., 2006). 
However, the increase in rainfall intensity may lead to increased severity and frequency of floods in the country 
(Anyah et al., 2006). Also, the increase in temperatures will result to increased severity of droughts which are 
predicted to occur in similar frequency as present (Anyah et al., 2006).  
Table 2. Summary of temperature and rainfall projections in Kenya. 
Another study by the DFID (2009) based on SRES 
scenario A1B, reported that the mean annual 
temperature in Kenya is likely to increase by 0.9 °C 
and 1.6 °C by 2030 and 2050 (compared to mean of 
1961-1990) respectively. Precipitation, on the other 
hand will increase from 9.7% to 18.8% by 2050 
(DFID, 2009). This simulates wetter conditions by 
year 2020 for the short rains period of October to 
December (DFID, 2009). This is especially so for 
the northern part of the country where precipitation 
levels have been projected to increase by 40% 
towards the end of the 21
st
 Century (DFID, 2009). 
Conversely, droughts in the area will persist and 
intensify through the Century (DFID, 2009). It is 
noted, however, that the increase in temperatures 
will have an enhanced effect on evapotranspiration, 
implying that increased rainfall events may not 
necessarily mean increased moisture for crops 
(DFID, 2009).  
An ensemble of nine climate models by 
Washington et al. (2012) estimate that temperatures 
in Kenya are likely to increase by between 1 and 3 
°C by 2050.  These changes are observed in both 
maximum and minimum temperatures with the 
greatest warming occurring between July and 
September (Washington et al., 2012). Regarding 
precipitation, the observation agrees with the 
majority of the models by reporting an increase in 
precipitation levels during the two rainfall seasons 
but with less agreement over the magnitude of the 
change in the short rains season (Washington et al., 
2012).  The projections also show no significant 
change in annual rainfall patterns (Washington et 
al., 2012). 
Concerning the scale of El Niño events, the 
majority of projections show little or no change in 
its amplitude for the 21
st
 Century (DFID, 2010). 
Multiple R squared  0.3026    
Adjusted R squared  0.2528  
F statistic 6.076 on 2 and 28 df 
P value 0.006433 
Model Temperature increase  Rainfall Source 
1 
1°C by 2020,  
4°C by 2100 Increase Anyah et al. (2006) 
2 
0.9°C by 2030 
1.6 °C by 2050 Increase DFID (2009) 
3 1-3 °C by 2050 Increase Washington et al.  (2012) 
4 1 °C by 2025 Decrease by 100 mm FEWS NET (2010) 
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However, a recent report suggests that the 
frequency of El Niño is likely to increase with 
increased atmospheric warming (Cai et al., 2014). 
Regarding climatic projections, the authors 
mention that the application of these models, based 
on SRES scenarios using IPCC GCMs, face 
limitation and introduce more uncertainties 
concerning rainfall projections as compared to 
temperature projections in Kenya. It is further 
noted that the resolution of these models is coarse 
(up to 200 km) and thus the modelling can only be 
applied to broad regions (e.g. East Africa) 
(Washington et al., 2012). Granting that 
uncertainties persist for majority of climate models, 
as most of them have not been thoroughly tested, 
many of them indicate an increase in the mean 
annual rainfall albeit to the northern part of Kenya. 
These rainfall increases, however, as argued by 
Webster et al. (1999), will have limited impact on 
the region apart from increasing the severity of the 
floods which are also likely to increase in 
frequency in the area. This will have far reaching 
impacts on socio-economic aspects of communities 
dwelling in northern Kenya.  
3.2 Effect of climate change on maize 
3.2.1 Maize growth  
Although different varieties of maize have different 
requirements regarding optimum temperature and 
moisture tolerance, the maize plant generally 
thrives in climates with a temperature range of 15 
to 23°C and annual rainfall of between 500 and 800 
mm (FAO, 2013a). The maize crop in SSA can 
tolerate high atmospheric temperatures (with an 
upper limit of 35°C) as long as there is sufficient 
moisture in the soil (FAO, 2013a). In the 
germination stage (Figure 3), maize seeds can 
tolerate temperatures as low as 10°C (FAO, 2013a). 
However, research has shown that germination and 
growth can be faster at optimum temperatures of 
between 15 and 23°C (DASA, 2003). The 
vegetative stage which involves flowering and 
tasselling is known to require an optimum 
temperature and sufficient soil moisture (FAO, 
2013a). For instance, the DASA (2003), reports 
that if water is not a limiting factor, an average 
temperature of 23 °C would ensure maximum yield 
of maize. Also, FAO (2013a), indicates that the 
vegetative stage would require between 1.05-1.2 kc 
as compared to the establishment stage which 
would require only 0.3-0.5 kc (The term kc refers 
to crop factor; a term that explains the   properties 
of plants used in predicting evapotranspiration. It 
represents the proportion of moisture evaporation 
that must be replaced for a crop to produce a 
commercial yield (FAO, 2013b)). However, at 
harvest this figure drops significantly to 0.55-0.6 kc 
to allow the ripening of maize and subsequent 
harvesting (FAO, 2013a). Alterations to these 
requirements (a combination of soil moisture and 
atmospheric temperature) largely brought about by 
climate change may leave the maize crop 
vulnerable leading to significant yield loss or total 
crop failure.  
Global warming will bring about extreme weather 
changes such as droughts and extended heavy 
rainfall periods (IPCC, 2007).  The coinciding of 
these events with critical stages of maize growth 
will greatly affect its performance and hence its 
final yields (Oseni and Masarirambi, 2011). It was 
shown that the vulnerability of maize production to 
the effects of climate change was solely dependent 
on the relative growth stage of the maize crop 
(Oseni and Masarirambi, 2011). The main crop 
processes affected are germination and tasselling 
(Figure 3) (Cairns et al., 2012). Under climate 
change conditions, specific effects on maize crop 
will include the acceleration of the growth rate of 
the plant, leading to the reduction of grain unit 
weight and also the reduction of grain number on a 
maize cob (Cairns et al., 2012). This also, 
according Cairns et al. (2012) may come about as a 
result of the shortening of the growing period. 
  
 
 
 
 
 
 
 
 
 
 
Figure 33. The different stages of maize growth (source: FAO, 2013a). 
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3.2.2 Maize Pests and Diseases 
The drastic change in climate will influence the 
rates of pathogen development in a majority of 
crops, including maize. The change will 
conceivably modify the physiology and resistance 
of disease-causing organisms (Cairns et al., 2012). 
Some of the elements that influence disease 
development are temperature, rainfall and sunlight 
(Cairns et al., 2012). According to the IPCC 
(2013), climate change will have a significant 
impact on these elements: increasing temperatures, 
increase and decrease of rainfall in different 
regions and longer days with more sunshine hours. 
These changes are likely to influence the 
occurrence of disease and also the advent of new 
diseases (Cairns et al., 2012). 
3.2.2.1 Fungi 
 According to Cairns et al. (2012), the major 
disease infection cycles (inoculum existence, 
infection, latency period and distribution) are 
strongly influenced by the aforementioned 
environmental factors. Fungi, for instance, require 
high moisture content to establish infection (Crous 
et al., 2006). Therefore, changes in the relative 
humidity of the atmosphere may increase infection 
levels. Crous et al. (2006) point out that 
Cercospora zeae-maydis and C.  zeina fungi, which 
cause grey leaf spots in maize, are extremely 
sensitive to the conditions in the environment. It 
was observed that the fungi stopped growing once 
the moisture content of maize went below 80% 
(Crous et al., 2006). This, therefore, implies that 
variations in temperature and rainfall patterns can 
greatly influence the infection rates of maize in 
SSA.  Furthermore, it was suggested that climate 
change in Africa will influence the capacity of the 
pathogens to adapt faster to the environment, 
therefore increasing their prevalence in the region 
(Cairns et al., 2012). For instance, mycotoxin 
infection in maize has been proven to be harmful to 
human health (Zain, 2011). Mycotoxins are 
harmful fungal metabolites that poison agricultural 
yields, posing a threat to food safety (Cairns et al., 
2012). The effects of mycotoxin ingestion include: 
suppression of the immune system, inhibition of 
child growth and development and the reduction of 
the effectiveness of vaccines (Zain, 2011). 
Therefore, ingestion of high dosages of mycotoxin 
can ultimately prove fatal. In Kenya, more than 125 
people died in 2004 from the consumption of maize 
with very high concentrations of aflatoxin (a type 
of mycotoxin that is produced by Aspergillus 
flavus and A. parasiticus species of fungi) (IFPRI, 
2010). According to Lewis et al. (2006), 
occurrence of these pathogens could be implicated 
in the harvesting of maize during unseasonable 
early rains and the subsequent storage of the maize 
in humid conditions that favour mould hence 
aflatoxin infection.  
3.2.2.1 Maize pests 
Invertebrates mainly depend on the conditions of 
the surrounding environment for their body 
temperature regulation. This makes temperature a 
vital environmental factor in the influence of the 
behaviour, multiplication and distribution of 
invertebrates as a whole (Cairns et al., 2012). For 
instance, increased temperatures due to global 
warming will decrease the time required for the 
organism to reach maturity (Cairns et al., 2012). 
Moreover, a study by Bale et al. (2002) showed 
that the consumption rate of arthropods increases 
with increasing temperature. Therefore, the 
shortening of the pest life cycle coupled with the 
increase in consumption rate will lead to severe 
damage to crop production. On the other hand, pest 
damage to maize crop has shown close relationship 
with the occurrence of Fusarium (Ajanga and 
Hillocks, 2000; Miller, 2001). This exposes the 
maize crop to mycotoxigenic fungi resulting in an 
increase in mycotoxin infection hence threatening 
human health (Ajanga and Hillocks, 2000). 
Increase in global temperatures will lead to the 
thriving and increased herbivory of pests resulting 
not only to more severe physical damage but also 
aflatoxin contamination of maize.  
3.2.3 Heat Stress 
Consistent with different climate change models 
advanced by different authors, it is certain that by 
the end of the 21
st
 Century, crops will experience 
higher temperatures compared to crops in the 
current growing seasons. Early in vitro studies 
carried out in the United States have shown that a 6 
°C increase in growing temperature (grain filling 
phase) will result in 10% maize yield loss 
(Thomson et al., 1966). Studies that followed 
validated these results by revealing that maize yield 
is negatively correlated with temperatures above 32 
°C during grain filling (Sundquist and Joanne, 
1984). In Africa, it was noted that compared to a 
decrease in precipitation by 20%, a 2 °C 
temperature rise (keeping all other factors constant) 
would bring about greater yield loss (Lobell and 
Burke, 2010). 
Cairns et al. (2012) describe heat stress in plants as 
―temperature above a given threshold that results in 
irreversible damage to crop growth and 
development and is a function of intensity, duration 
and the rate of increase in temperature‖. Although 
heat stress generally affects various plants 
differently, Larkindale et al.  (2007) suggest that 
different plant organs and tissues are altered in a 
variety of ways depending on the sensitivity of the 
overriding process functioning at that particular 
period. Heat effects on plants vary from 
morphological, biochemical and anatomical (Cairns 
et al., 2012). According to Stone (2001), the 
reduction of maize yield (which is the ultimate 
outcome) is mostly associated with diminished 
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interception of light, truncated life cycle and an 
increase in sterility. A solution to the inescapable 
issue of extreme temperatures therefore calls for a 
thorough understanding of the aforementioned 
mechanisms.  
3.2.3.1 Physiological effects of heat stress on 
maize 
Schoper et al. (1987) explained that yield decline in 
maize at high temperatures is brought about by the 
diminution of kernel weight and grain number in a 
maize plant. This is a result of the destruction of 
fertilised ovules by elevated temperatures which 
supposedly were to develop into kernels (Schoper 
et al., 1987). Further studies carried out on this 
subject reveal that reduced fertilisation in maize 
plants as a result of high temperatures is caused by 
the reduction of pollen viability (Schoper et al.,  
1987; Dagne et al., 2012). It was also reported that 
extreme temperatures reduce the quantity of pollen 
shed by the plant as well as the water potential of 
the pollen grains (Dagne et al., 2012). Willhelm et 
al. (1999) established that a significant reduction in 
the rate of grain filling accounted for the seed 
biomass decrease in maize crops. This was not 
considered to be the case following earlier studies 
carried out by Muchow (1990) and Singletary et al. 
(1994) who reported that the rate of grain filling is 
directly proportional to temperature increase. 
However, this argument was weakened when 
Wilhelm et al. (1999) reported that kernels formed 
under extreme temperatures weighed less since the 
increase in rate of growth was coupled with a 
reduction in duration of growth. 
Morphologically, the position of the tassels on a 
maize plant leave it fully exposed to high 
temperatures thus increasing the chances of pollen 
damage in extreme temperatures (Cairns et al., 
2012). The kernels (maize grain) are produced 
through the formation of endosperm cells and 
deposition of starch granules (Jones et al., 1996). 
The final mass of kernels, therefore, is dependent 
on the sink capacity (potential of maize grains to 
achieve maximum mass) of a maize crop (Jones et 
al., 1996). The sink capacity of a maize plant is 
largely affected by extreme temperatures which 
limit the number of endosperm cells formed (Jones 
et al., 1996). Elevated temperatures have a negative 
effect on fundamental cell functions such as cell 
division, starch biosynthesis and sugar metabolism, 
thus reducing biomass formation in the kernels 
(Monjardino et al., 2005). The duration of grain 
filling in the kernel is influenced by factors such as 
activity of sugar and starch metabolism enzymes 
and sucrose availability (Jones et al., 1996). 
Therefore, extreme temperatures during this period 
limit amount of starch formed in the endosperm 
which is the basic constituent of the kernel. This 
implies that the heat stress in maize does not reduce 
sink activity by limiting the uptake of sugar by the 
kernel, but rather by unfavourably affecting the 
conversion of sugars to starch (Singletary et al., 
1994; Wilhelm et al., 1999).    
3.2.3.2 Morphological effects of heat stress on 
maize 
Heat stress also affects the vegetative and seedling 
stages of maize development. Soil temperature is 
key during the autotrophic germination phase of 
maize (Figure 3) as it determines plant energy 
levels (Coşkun et al., 2011). Characteristically, 
elevated temperatures will reduce both seedling 
rate and growth (Weaich et al., 1996). In 
considering optimum growth temperatures for 
maize, Walker (1969) reported that a soil 
temperature of 26 °C provides the optimum growth 
conditions for maize, above which both shoot and 
root biomass reduces by 10 % for every 1 °C 
increase in temperature. Temperatures above 35 °C 
totally impede growth (Walker, 1969). Moreover, 
for these elevated temperatures, elongation of leaf 
area and shoot biomass significantly reduces as a 
result of the decrease in rate of CO2 assimilation by 
photosynthesis. Furthermore, the delay of canopy 
closure   associated with slow growth of heat 
stressed seedlings worsens the situation (Cairns et 
al., 2012).  
It has been projected that with a changing climate, 
the frequency of extreme weather conditions such 
as drought are likely to increase (IPCC, 2013). 
Drought generally has a negative effect on all the 
stages of maize growth and production. The stages 
mainly affected include tassel emergence and grain 
filling (Figure 3) (Magorokosho et al., 2002). This 
results in kernel size reduction which consequently 
leads to significant yield reduction (Dagne et al., 
2012). Research carried out by Lobell et al. (2011) 
in Africa established that for temperatures above 30 
°C (with an upper limit of 35 °C), every 1 °C 
increase in temperature reduces maize yield by 1%. 
Therefore, in view of the limited research that has 
been carried out in this field, there is the need for 
more research on maize germplasm that is tolerant 
to heat stress.  
The majority of studies carried out on heat stress in 
maize have focused largely on physiological and 
molecular responses with in vitro application of 
heat stress. Comparisons are yet to be made for 
maize tests in vitro and field conditions with 
varying intensity and duration. This is vital since 
varied traits may likely provide for adaptation to 
different levels of heat stress in the field (Cairns et 
al., 2012). 
3.3 Climate Change and Maize Production  
3.3.1 Temperature 
The correlation between maize yield and annual 
temperature increases were determined to be 
insignificant, implying that the current change in 
temperature does not influence maize yields in the 
country. This situation can be attributed to several 
physiological reasons regarding maize crop. 
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Elevated temperatures that exceed the threshold 
(above 32 °C for atmospheric and 26 °C for soil 
temperature) have detrimental effects on maize 
growth (Sundquist and Joanne, 1984, and Walker, 
1969, respectively). Extreme temperatures affect 
the fundamental cell functions (such as cell 
division, sugar metabolism and starch synthesis) in 
maize crops (Monjardino et al., 2005). Ultimately, 
the effects of extreme temperatures will lead to the 
reduction of both maize grain number and kernel 
weight (Schoper et al., 1987) leading to significant 
yield loss. The mean temperature in maize growing 
areas in Kenya was 18.68 °C ( in 2010) compared 
to 18.01°C three decades ago. This falls under the 
threshold of optimum atmospheric temperature for 
maize which is 15-23°C (FAO, 2013a). However, 
there are other factors such as pests and diseases 
and maize storage that are directly affected by 
temperature change consequently affecting maize 
production. These subjects, however, have not been 
widely studied and hence leave a research gap.  
3.3.2 Rainfall 
The growing season average rainfall (raings) was 
found to be strongly correlated to maize yield 
determining up to 30% of yield with all other 
factors held constant. A majority of models have 
projected an increase in the amount of rainfall in 
Kenya (Anyah et al., 2006; DFID, 2009; 
Washington et al., 2012). As mentioned earlier, at 
annual average temperature levels of 2010 (18.68 
°C), rainfall was shown to be the most important 
factor determining maize yield. However, slight 
temperature increases were shown to be very 
significant by the model derived from the present 
study (Figure 2). This relationship goes to show the 
significance of global warming to overall crop 
production in Kenya. This implies that even with 
increasing rainfall amounts, slight temperature 
increases may significantly affect overall maize 
yield in the country. 
3.3.3 Overall implication on maize yield 
Projections made in this study to determine 
implications of climate change on maize yield were 
based on assumptions such as, although not 
quantified, there is a higher likelihood of an 
increase in precipitation levels as opposed to a 
decrease (Table 4); temperatures are highly likely 
to increase (Table 4); temperature projections are 
made for period 2025-2030. For scenario one, 
temperature increase by 1.5°C with rainfall 
remaining unaffected, the model shows an 18% 
decrease in yield. For scenario two, temperature 
increase by 1.5 °C with increase in rainfall by 100 
mm, the models shows a 9% increase in yield. With 
a constant temperature increase of 1.5°C expected 
by 2025-2030, yields are seen increasing and 
decreasing with the addition and non-addition of 
rainfall levels respectively. In these two cases yield 
is seen to react more aggressively to temperature 
changes. Comparing the magnitude of impacts on 
maize yield produced by increase of both 
temperature and rainfall, the model shows that a 
1°C increase in temperature will produce (negative) 
effects three times more than the (positive) effects 
produced by 100 mm increase in rainfall. This 
implies that minor temperature changes are vital for 
maize production. Temperature affects maize 
production in various ways, directly or indirectly. 
For instance, apart from the physiological effects, 
temperature affects soil temperature levels that 
determine soil micro-organism activity (Cairns et 
al., 2013). It also affects evaporation rates from the 
soil thus affecting moisture availability for plant 
uptake (Cairns et al., 2013). Further, increased 
evapotranspiration from the plant will also 
determine the moisture availability for plant use. 
It is evident that there is going to be an impact on 
maize yield in the future. It is also clear that the 
impact will result from increase in temperature as a 
result of global warming, which according to the 
IPCC (2013), is a high confidence projection. 
Rainfall quantity is also likely to change (Table 4). 
However, it is unclear which direction this will take 
although currently, experts have projected an 
increase albeit the quantity remaining vague (Table 
4). This may be due to the fact that precipitation 
patterns and intensities have larger natural 
variability (Randall et al., 2007). This situation 
therefore presents difficulties in making precise 
projections. 
4. CONCLUSIONS AND 
RECOMMENDATIONS 
The present study was set out to explore the overall 
implications of climate change on maize. Kenya 
has been identified as one of the most vulnerable 
countries in sub-Saharan Africa because of the 
increased rates of poverty and high dependability 
on rain fed agriculture to boost the GDP of the 
country.  With the recent release of the IPCC report 
(2013), it is apparent that the threats of climate 
change are becoming more real. These threats pose 
a great risk to agricultural production in Kenya 
(particularly maize, by virtue of being the most 
extensively cultivated food crop in Kenya). The 
study therefore sought to explore this area further 
in order to provide basis for practical applications 
and further studies to combat the detrimental 
effects of climate change on maize production in 
Kenya. 
Regarding the effects of climate change on maize 
production in Kenya, the model produced from the 
empirical data shows how vital temperature change 
is to maize crop performance. The study shows that 
a temperature increase of 1.5°C (with rainfall 
remaining unaffected) will result in  an 18% 
decrease in maize yield while a temperature 
increase of 1.5 °C (with increase in rainfall by 100 
mm) will result in a 9% increase in maize yield. 
Furthermore, in comparing the magnitude of 
impacts on maize yield, it is shown that a 1°C 
increase in temperature (negative impact) will 
affect maize yield three times more than 100 mm 
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rainfall increase (positive impact). In combination 
with evidence from other literature, the study 
shows that temperature changes (even the smallest 
change as caused by climate change) can have far 
reaching effects on maize production. In vitro 
studies carried out to study the effects of 
temperature changes on the maize crop show that 
the physiological and physical effects of 
temperature increase are detrimental to maize crop 
with significant potential to affect the overall yield. 
Conversely, the predicted increase in precipitation 
levels in Kenya may influence the direction of 
maize yield in the country. Although there exist 
other factors, (such as the deliberate efforts by the 
government to improve food security in the country 
(e.g. irrigation, farmer inputs and services)), that 
can influence future maize yields, temperature and 
rainfall remain to be the key factors. However, the 
study shows that with an average temperature of 
18.68 °C (2010 level) falling within the optimum 
maize growth range (15-23°C), rainfall becomes 
the most significant determinant of maize yield in 
the country; influencing up to 30% of the final 
maize yield. Therefore, it can be said that the 
direction of maize production in the country is 
largely dependent on the direction of rainfall 
change (at least in the short term) and is likely to 
increase or decrease as earlier stipulated. 
Therefore, due to its high dependence on rain fed 
agriculture for both sustenance and GDP income, 
Kenya can be said to be highly vulnerable to effects 
of climate change.  
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